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Hohlraums at the National Ignition Facility convert laser energy into a thermal x-radiation drive, which 
implodes the capsule, thus compressing the fuel.  The x-radiation drive is measured with a low resolution, 
time-resolved x-ray spectrometer that views the hohlraum’s laser entrance hole (LEH) at 37o to the hohlraum 
axis.  This measurement has no spatial resolution.  To convert this to the drive inside the hohlraum, the area 
and fraction of the measured x-radiation which comes from the region inside the hohlraum must be known.   
The size of the LEH is measured with the time integrated Static X-ray Imager (SXI) which view the LEH at 
18o to the hohlraum axis.  A soft x-ray image has been added to the SXI to measure the fraction of x-radiation 
inside the LEH’s Clear Aperture in order to correct the measured radiation.  A multilayer mirror plus filter 
selects an x-ray band centered at 870 eV, near the x-ray energy peak of a 300 eV blackbody.  Results from 
this channel and corrections to the x-radiation drive are discussed. 
  
 

I. Introduction 
The goal of experiments at the National Ignition Facility 

(NIF)1 is to achieve ignition through the indirect drive technique.2 
Figure 1 shows a schematic of the target and laser beams used in 
the current experiments.3   The target is a gas-filled, cryogenic 
hohlraum with a plastic capsule at its center.  The capsule is filled 
with helium gas doped with deuterium and tritium)3-4    Ninety-
six laser beams, sixty-four in outer cones (50o, 44.5o) and thirty-
two in inner cones (30o, 23.5o) enter the laser entrance holes 
(LEH) at each end of the hohlraum in 20 ns shaped pulses with 
total energies ranging from 1.2 to 1.65 MJ with wavelength 351 
nm.  The laser energy is converted into x-ray energy via the 
inverse bremsstrahlung interaction with the gas fill or the high-Z 
hohlraum walls.  The x-ray drive heats and ablates the outer shell 
of the capsule, thereby compressing the inner core.2-4 It is 
important to understand the coupling of the x-radiation drive to 
the capsule.  The first step is to obtain an accurate measurement 
of the x-radiation drive. 

The radiation drive is measured with DANTE5, a low 
resolution, time-resolved x-ray spectrometer.   DANTE views the 
Laser Entrance Hole (LEH) at 37o to the hohlraum axis.  

Measurements of the size of the LEH’s Clear Aperture and the 
fraction of flux coming from INSIDE the Clear Aperture are used 
to convert DANTE measurement to the x-radiation drive inside 
the hohlraum.    

 The Static X-ray Imager (SXI)6-7 captures time-integrated 
pictures of the inside of the hohlraum as viewed through the 
LEH.  Its observation angle is 18o (upper SXI) or 19o (lower SXI) 
to the hohlraum axis (Figure 1). The images provide information 
on the backlit size of the LEH.    However, to correctly interpret 
the x-radiation flux measurements, the fraction of the flux 
coming from inside the Clear Aperture must be know.  We have 
built a new soft x-ray channel to measure this.  The channel is 
composed of a multilayer mirror and thin filter.  It produces an x-
ray image centered at 870 eV, near the peak x-ray energy of a 
300 eV blackbody. 

 We describe here the soft x-ray channel including the 
multilayer mirror.  We describe how the image is used to correct 
the measured x-radiation flux.  A further use of the image to 
directly indicate radiation temperature is also described.   

  
II.  The SXI diagnostic and soft channel 
 

The upper SXI6 diagnostic is views the LEH at an angle of 
a)Contributed paper published as part of the Proceedings of the 19th Topical Conference 
on High-Temperature Plasma Diagnostics, Monterey, CA, May, 2012. 
b)Author to whom correspondence should be addressed. Electonic mail: 
schneider5@llnl.gov 
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18o to the hohlraum axis.  It is operated at 2X magnification with 
the detector situated at 4.88 m from the target.  The detector is an 
x-ray sensitive, thinned, back-illuminated silicon CCD.8   The 
silicon substrate is 15 µm thick, with 24 µm square pixels in a 2k 
x 2k array. The detector is absolutely calibrated.8   The CCD is 
mounted at the end of a moveable stage (boom) that is a cylinder 
82.5 mm in diameter.7 

  

The soft x-ray channel design was a retrofit into the existing 
SXI boom tube.  The final design is shown in Figure 2.  It uses a 
10o angle of incidence multilayer mirror plus a light tight filter 
consisting of 2 um thick copper and 1 um thick polyimide. 

The multilayer mirror consists of alternating layers of 
tungsten and boron carbide on a 0.7 mm thick silicon substrate.  
The bottom layer is tungsten.  Each tungsten layer is 21.55 A 
thick and the total thickness of the bilayer is 43.1 A.  There are 
30 bilayers and a 40 A thick silicon carbide “capping layer” on 
the top to to prevent oxygen diffusing into the layers and creating 
oxides.  The performance of the multilayer was verified at the 
Advance Light Source (ALS) by measuring the reflectivity vs 
angle at ~ 1 keV x-ray energy.9 

Figure 3a shows the reflectivity of the multilayer mirror and 
Figure 3b shows the throughput of the multilayer mirror plus the 

filter.  The filter is needed to cut out low energy x-rays and the 

higher orders.  The pinhole diameter, 45 µm, is chosen so that the 
contributions of diffraction and geometry are about equal in this 
x-ray range. (CHECK) 

Figure 4 shows typical SXI data: a hard x-ray image in the 
3-5 keV range and a soft image at x-ray energy of 870 eV.  In this 
shot, 1.XX MJ was fired into a hohlraum whose LEH was 3.1 
mm. 

 
III. Results 

 The image from the hard channel is used to determine the 
Clear Aperture.6 The image from the soft channel is used to 
ascertain the fraction of thermal x-radiation flux inside the Clear 
Aperture.   

The Clear Aperture is obtained from a 0.3 mm wide 
horizontal lineout from the hard x-ray image and from a radial 
distribution function (RDF).    To calculate the RDF,   the image 
is made circular by stretching it vertically around the LEH center 
by 1/cos (18o).  The average counts in circular rings about the 
center of the LEH are calculated.  The horizontal lineout (black) 
and the RDF (red) are plotted Figure 5a.  The Clear Aperture size 
is the average of the midpoints of the steep slope of the horizontal 
lineout and the RDF.  Figure 4 plots the Clear Aperture over the 
original SXI images. 

 

In the same manner, a radial distribution function is also 
calculated for the 870 eV image.  The RDF is normalized by 
dividing by the total counts in the image.  The cumulative 
distribution function (CDF) is calculated as the running sum of 
counts within a given radius versus radius.  The fraction of counts 
within the radius of the Clear Aperture is then determined.  
Figure 5b shows the RDF (black) and the CDF (red). 
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IV.   DANTE Correction 

The x-radiation drive, or flux, FDANTE is directly measured 
by the DANTE diagnostic.3-5 It is converted to a radiation 
temperature, TDANTE, by  

 
   FDANTE  =   σ   T4

DANTE
   π R2

LEH  cos θ  (1) 
 

where θ is 37o, the angle of the DANTE view to the hohlraum 
axis, RLEH is the original LEH diameter, and σ is the Stefan-
Boltzmann constant.   However, not all the measured x-radiation 
comes from inside the hohlraum.3   The radiation temperature 
inside the hohlraum, THOHL is measured by flux that comes from 
inside the Clear Aperture,   f * FDANTE.  That is, 
 

   f * FDANTE  =  σ   T4
HOHL  π R2

CL_AP  cos θ   (2) 
 
 
Define the DANTE correction to the radiation temperature as 
 
 DANTE_CORR  =   f  *  (RLEH  /   RCL_AP  ) (3) 
 
Then      
 
 THOHL    =   (DANTE_CORR)0.25   TDANTE (4) 
  
The red symbols in Figure 6 are the DANTE_CORR for a series 
of NIF target shots.  Although the Clear Aperture is a function of 
the original LEH diameter, the DANTE_CORR is not.  It hovers 
around a value of 1.15, so the correction to the radiation 
temperature is about 1.04, or 10 eV for a 300 eV hohlraum. 

The 870 eV image is a mapping of the time-averaged 
radiation flux inside the hohlraum.  Notice in Figure 4b that the 
center of 870 eV image is brighter than the average, indicating a 
hotter region.  This is the region of the Inner Beams (Figure 1).  

The blue points in Figure 6 plot the Dante Correction for the 
central region, a spot 1.2 mm in diameter.  These points hover 
around a value of 1.55, so the correction to the radiation 
temperature is about 1.12, or 35 eV for a 300 eV hohlraum. 

Figure 7 plots the brightness (average counts/pixel) oof 
the 870 eV image vs absorbed laser energy for two series of 
shots: one with 3.1 mm diameter LEHs (RED) and one with 3.37 
mm diameter LEHs (BLUE).  The rectagnles are for a region 1.2 
mm in diameter, and the Xs are within the Clear Aperture.  The 
brightness roughly scale with laser energy.  The smaller LEH 
hohlraums are hotter, and the central region is hotter than the 
average.  

 

 

V. Summary 

The soft x-ray channel produces a time integrated x-ray 
image at 870 eV, near the peak of the x-ray thermal drive.   It is 
used to correct the measured x-radiation drive by determining the 
fraction of x-ray flux inside a given diameter (the “Clear 
Aperture” deteremined in the hard x-ray channel).  The correction 
to the radiation temperature is about 10 eV, or 15% in x-ray flux.  
The soft image also gives a time-integrated mapping of the x-ray 
flux inside the hohlraum. 
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